Abstract-Early cardiovascular disease can be identified in asymptomatic individuals by noninvasive evaluation of functional and structural abnormalities of the vasculature and heart. These abnomalities are usually a consequence of endothelial dysfunction. A panel of 10 tests, including small and large artery elasticity, has been used as the basis for a screening system that provides a score of 0 to 20 as a guide to the severity of disease. Using that Rasmussen score allows for stratification of patients into low, intermediate, or high risk for progression to cardiovascular morbid events. This comprehensive screening can be performed efficiently in a single room with a single technician. The sensitivity and specificity of this screening system in predicting future cardiovascular events, its superiority to traditional risk factor assessment, and its potential to track the response to therapeutic interventions must be validated in long-term follow-up studies. (Hypertension. 2005;46:217-220.)
A bnormalities of the arterial vasculature that precede cardiovascular morbid events are likely to occur in a temporal sequence. The initial abnormalities appear to be functional, in large part related to endothelial dysfunction associated with decreased bioavailability of NO ( Figure) . 1 A decrease in constitutive release of NO, which maintains low small artery tone, may be the initial abnormality, but it is soon accompanied by a decrease in stimulated release of endothelial vasodilators, as manifested by a reduction in flowmediated dilation of conduit arteries. 2, 3 These functional abnormalities of the vasculature should precede and are mechanistic precursors of the structural alterations that are responsible for thickening of the conduit artery wall, 4 increases in pulse wave velocity, 5 increases in pulse pressure, 6 and atherosclerotic plaque development. 7 These structural changes may also result in additional functional abnormalities. But cross-sectional studies suggest that this sequence of vascular manifestations of vascular disease is not always detectable. Indeed, no single measurement appears adequate to reliably separate healthy individuals with low or absent risk for premature cardiovascular events from those with a higher risk that would benefit from therapy.
The heterogeneity of demonstrable abnormalities may well derive in part from the imprecision of all our methods for quantitating functional and structural abnormalities of the cardiovascular system. Although functional abnormalities may precede structural abnormalities, limitation of methodology may result in an unacceptable rate of false positives and false negatives when a single test is used. Therefore, a series of tests assessing functional and structural abnormalities is more likely to provide sensitivity and specificity for early disease.
The goal of this preventive strategy is to improve the precision for early detection and treatment by identifying a marker or markers for early cardiovascular disease that could serve as a surrogate for disease progression, morbid events, and the response to therapy. Health care expenditures are overwhelming our national and corporate budgets, predominantly because of the escalating costs of care of advanced disease. The only rational way to reduce costs in an aging society is to delay progression of chronic disease so that morbid events do not interrupt normal life expectancy. Efforts to alter lifestyle of the entire population have had mixed success. Pharmacotherapy in appropriate populations has been remarkably effective in delaying events. 8 -11 Identifying the proper population for intervention could facilitate more effective and targeted treatment strategies. Therefore, our focus has been on early detection of cardiovascular disease likely to progress.
Screening Methodology
In considering the ways to identify functional and structural abnormalities of the vasculature and heart, we considered a variety of techniques we thought would be complimentary. Small artery stiffness influences reflected waves 12 that have been identified in late systole as a pressure augmentation but can also be detected in diastole as an oscillation in the pressure decay that exhibits a frequency and rate of decay. 13 Small artery compliance or stiffness is a marker for endothelial dysfunction that induces a functional change in the microcirculation 14, 15 and is a predictor of adverse cardiovascular events. 16 Resting blood pressure may be elevated when small artery tone is increased, but exercise blood pressure becomes a more sensitive guide to the stiffness of the arterial system. 17 Small artery structural alterations result in vascular abnormalities and can be viewed in the optic fundus 18 or identified by microalbuminuria as a consequence of small artery disease in the kidney. 19 Structural abnormalities in the conduit arteries results in an increase in wall thickness (intimal-medial thickness) 20 and a reduction in the capacitive compliance of the arterial vasculature. 21 These measurements of large artery dysfunction have been shown to be associated with the risk for cardiovascular events. [22] [23] [24] [25] [26] Therefore, a series of tests may provide a comprehensive assessment of functional and structural abnormalities of the small and large arteries that should be predictive of cardiovascular morbidity and mortality.
A panel of tests (Table 1) has been established as a standard screening protocol in the Rasmussen Center for Cardiovascular Disease Prevention at the University of Minnesota. 27 These measures of early vascular and cardiac disease are augmented by identifying known contributors to disease progression (Table 2) . Because all the tests are performed in 1 hour, in 1 room, by 1 technician, the center provides an efficient environment for screening asymptomatic individuals concerned about their cardiovascular health.
The 10 tests of vascular and cardiac health are each evaluated as normal (score 0), borderline abnormal (score 1), and abnormal (score 2). As reported previously, 27 the criteria for normal and abnormal has been arbitrarily established on the basis of large published databases. Criteria for some of the tests (small and large artery elasticity, carotid intimal-medial thickness) are age adjusted because such age criteria exist. The other tests are not age related because it has not been traditional to do so. An individual with 10 normal tests would have a Rasmussen score of 0. An individual with 10 abnormal tests would have a score of 20. All tests have been scored equally at the present time, but as outcome data become available, it may be possible to identify a hierarchy that would allow a more graded score for risk.
Experience to Date
The Rasmussen Center has now been in operation for 4 years. Recruitment has been stimulated by individual mailings to targeted populations in the Twin Cities community. In nearly all instances, the costs of the billed screening procedures have been covered by health care insurance. The full screen also includes a 1-hour history, physical examination, and lifestyle assessment by a cardiovascular-trained nurse practitioner. This encounter is also covered by insurance. A full report of the findings and recommendations is provided to the patient and to his/her health care provider.
Nearly 1000 patients have now been screened. Of course they do not represent a cross-section of the community because they tend to be more affluent and more concerned about their health. It is possible that this referred or selfreferred population harbors a greater burden of cardiovascular disease than in the general population. Rasmussen scores for the first 879 individuals screened are shown in Table 3 . These scores are, as expected, age dependent ( Table 4 ). The frequency of individual test abnormalities is shown in Table 5 .
We have arbitrarily and temporarily (while awaiting longterm outcome data) identified total scores of 0, 1, and 2 as low risk; scores of 3 to 5 as moderate risk; and scores of Ն6 as high risk. However, if our tests each add incremental evi- dence for disease, risk should be highly related to score throughout the entire numerical range. In our currently screened population, 36.2% of those presumed healthy individuals have low risk, 34.6% moderate risk, and 29.2% high risk ( Table 3 ). As noted in Table 6 , traditional risk factors do not bear a close relationship to Rasmussen scores.
Implications for Disease Detection
Most attempts to identify individuals at risk for cardiovascular morbid events have involved screening for risk factors that are statistically associated with future cardiac or cerebrovascular events. This approach has resulted in several risk factor assessment scales that can identify groups with higher risk. 28, 29 However, because the risk factors used are not necessarily disease markers, this approach does not provide any insight as to how the risk factors are impacting the biologic target organs, the vasculature, and the heart. Indeed, these traditional risk factors do not appear to be useful in stratifying the severity of disease in individual patients (Table 6) .
The screening tests we use in the Rasmussen Center assess target organ functional and structural abnormalities, not the genetic or environmental factors that may variably impact on the target organs in specific individuals. The sensitivity and specificity of this approach can be established only in long-term follow-up, but it is intuitive that if vascular or cardiac functional and structural abnormalities precede morbid events, then identifying these abnormalities should provide more precision in individual risk assessment. Repeated assessments over time are needed to document reproducibility and the trajectory of prognosis of disease in individual patients. BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; hsCRP, high-sensitivity C-reactive protein.
The medical and financial success of the Rasmussen Center is dependent on an efficient operation, adequate reimbursement for services, and individual care by a knowledgeable nurse practitioner. By confining physician input to a supervisory and report-review role, the costs of the service can be controlled.
If screening of this kind is to be available to large populations, it is clear that it must be provided not by individual physicians but by identified centers with personnel dedicated to the screening process. Such a revision of our current system of health care may be essential to reduce the growing burden of advanced cardiovascular disease.
Perspectives
Noninvasive screening tests to identify vascular and cardiac disease in its early or asymptomatic phase represents a departure from the traditional approach to cardiovascular disease prevention that involves identifying risk factors that are statistically but not necessarily biologically related to disease. Our early experience with a panel of 10 screening tests to detect vascular and cardiac functional and structural abnormalities and a composite scoring system has identified a high prevalence of unsuspected disease. Demonstration that the scoring system provides effective risk stratification and that treatment strategies initiated on the basis of the score can reduce event rates will require large-scale prospective studies. Nonetheless, noninvasive testing may eventually replace or supplement risk factor assessment in improving the sensitivity and specificity of efforts to prevent cardiovascular disease morbid events.
